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AUTHORIZATiM.N FOR TEST

1. This test was authorized by Bureau of Engineering letter . -

V/Welding (1O-9-Ds) of 21 October 1933.

OBJECT OF TEST

2. To determine the characteristics of welded menel metal with
the object of fabricating feed-water tanks.

Page 3.



Serial No.ES-5036-H.

ABSTRACT OF T'TST

Monel metal sheets were welded with monel metal electrodes to form
various types of joints. These joints were tested for physical proper-
ties, and corrosion resistance In the salt spray.

A welded assembly in the form of a tank was given an endurance test

by subjecting it to pulsating hydrostatic pressure, varying from 350 p.s.i.

to 420 p.s.1., during each stroke of the pump.

CONCLUSIONS

Welded monel metal joints - both square butt and T-joints -

appear to be suitable for the construction of feed-water tanks.

The deposited metal of the welds seems to have the same corro-
sion resistance as the base mracel metal.

The deposited metal has practically the same chemical analysis
as the base monel metal.

RECOUMDATION

It is recommended that the welding of monel metal sheets with
either the square butt or T-Joints for fabricating feed-water tanks
be approved.

Page)3.
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AT,, d ..... .;N: P T::ST

3. The material to be welded consisted of 1/8-inch sheets of rolled,
annealed mone, metal, furnished by the International Nickel Company. The
electrodes were 1/8-inch and 3/32-inch diameter, No.30 arc welding elec-
trodes, also furnished by the International Nickel Company.

METHOD OF' TEST

14. Three types of joints were tested:

(a) The square butt joint. B
(b) The T-joint.
(c) The reinforced T-joint.

Plate 1 shows the diagrammatical illustrations of all three types named above.

The square butt joint.

This joint may be produced by a single bead laid on one
side of the joint only. (Plate 1, Figure a) Another
form of this joint is produced by laying a single bead
on Pither side of the joint. (Plate 1, Figure b)

The T-jioint.

This joint is shown on Plate 1, Figures c and d. This
joint may be produced in two ways - the scarf formed by
the legs of the T may be filled in with weld metal in a
single layer, or it may be filled in with two successive
beads.

Thereinforced T-joint.

This joint is shown on Plate 1, Figure e. It consists
of a common T-joint, reinforced by a butt strap, fil.let
welded to both legs of the T as shown.

Corrosion Test.

5. Two types of corrosion specimens were prepared - single weld
butt Joint test specimens in the "as welded" conditLon, with the slag re-
moved by hand tools in the usual manner, and square butt joint test speci-
mens, welded from both sides, with the excess weld metal ground flush with
the base metal. These specimens were subjected to hot salt spray action.

Page 4.
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E-nduranc e Test.

6. From the materials >~rn;.ed, a 12-4:.ch diameter, 36-inch long
tank was constructed in the mannne' .ulcrated on Plate 2. All joints were

welded. The dimensions -nn de:ilgn of the welds are shown in detail on
,lnto 2. This tank was connected t.) a recirocatLng pumji rLth relief valve
und iipUhj in the manner shown on Plate 3. The relief valve is so set that
the )ressure within the tank vries, from approxLmately 350 ).s.i, to /421
:).s.i. during each stroke of the pumre. The pump operated at 16 strokes per
minute, and the tank was 3ubjected to 30,30 cycles. The longitidinal seam
of the vessel is stressed t: 20,000 p.s.t. each time the pressure reaches
,16 p.s.i. The grge pressure is calculated from the formula given in the

General Specifications for Machinery, S48-1-f (2), for thin walled tubes,
,Is follows:

P 2 t
D

where t =.125"

20,003 p.s.i.

D 12"

hence P _ 2x.125x2 0j = 416 p.s.i.12

The stress of 20,OO p.s.I. gires a safety factjr of 3.7 for the longi.-
tudinal seam.

WYelded Joint 7ests.

7.

TALE'OL3.Z
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Serial No.EES-5036-

i -f~ ..1 7 b Average Joint
Type of I loi, .. f Etficil@y, *

Single hbe.i, _..'. Otslde.of wp l_ ...
single weld, 77".QQO.

square but t. 580:)(. P,.rtly A-,ugh weld 92

_. + ++'+'500 . Oits~Id~e of .el . . .

Single 11; .a, -7LqO0 j Ij4.A Ae
double v e 1,3 790_00+_ _ 96

,.:O9O __ '.. _w1d -

2a"9......J.. -
T*41 -- 100

:-26-n .....-ct "2jqA

* Douhle bead, .7A_0 . . "_ __ 100
T 723--

125U

,einfoi'ce- 9.---0- L-

Paren t 77800 - Average strength
Me tal 6 Q -30o p.s.i.

Spec i Merl ,; -P lcmtlon in 2"
. . . -35.2!

* Average JoLrit efficiency Is based on this fbroala

Total ori'th of weld A
Unfluse. length 1 B

E 100 CO

*QoQL.qoL T2est.

8. After the lapse of 1200 houra of exposure to the hot salt spray,
the followtng cordLtlons were observed&

The depostted salts could be easily removed by brushing and
rinsing, leaving bass metal and weld metal practically un-
stainecl.

There was no pitting discernible on the bans metal, on the
weld metal, or at weld zone.

Page 6.
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Fndurance Te.st.

9. The welded senno 'of tie nll.-relaed mnel metal tank withstood
60,03D stress impulse:; wtut lckage or cracking.

DISCUSSION
_4q.bt~t join ts.

ij. The production of square butt joints rsquires careful assembl-
Ing - the eds -nur' meet square and carefully aligned. The use of a chill
plate ,i-; , .' , - -- , advisable, a copper chill plate being preferable
to steel. The uie of h cii'i, plate was found advisable regardless of
whether .ie joLt i.- weldcd from one side only or from both sides. When
welded f ron botr, :;L :,. after the completion of the first bead, the chill
pLate may '; :..d. On account of the low heat conductivity of monel
metal, c - chili plates are used, the length of each weld Incre-
ment Is irmtecd to a mrxTmum of three inches, if undercutting is to be
avoided.

T-in t .

11. T-joints do not require as careful align ent in assembling as
the square butt joints. They do not require the use of chill plates and
the length of the increments in construction depends on the method of
welding used. When the scarf Is filled with a single layer the maximum
length of each increment should not exceed 2-1/2 inches. When the scarf
is filled wttill two superimposed beads the length of the increment of the
first bead is limited to 3 inches; that of the second bead may reach 4 in
inches.

Wel4fabilnt General.,

12. All welding should be done in the horizontal, downhand pool-
tion, with 1/8" diameter electrodes. Unavoldable position welding should
be done with 3/32" diameter electrodes only, in order to avoid burning
through the 1/8" shoot. Position welding should be limited to vertical or
vertically inelLned work; overhead welding can not be done with monel
metal electrodes.

13. Monel metal electrodes are a specialty. A set of spectfica-
tions wilt be submitted separately to cover the requirements for their
purchase.

14. Single bead, single weld, square butt joints are capable of de-
veloping the Nl1 strength of the base metal, when properly made. However,
a slight irregularity developing during deposition may result in lack of
fusion, which is not discernible by visual inspection. The reinforcement

Page 7.
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.o t.'el . teid 25 per cent of the base
metal. SLngleed, rqmre , 7 2i t3, ':-' .ui From both sides, are more
reliable than thr K beid, :!g -,'j oirt.. With the reinforcements
removed, the ductility ,t' -ingle ',esj, io[ic weld joints is approximately
40 per cent of tne base -etal.

15. T-joints, welded with a single layer, are apt to develop the
same shortcomings as pointed out in the case of single bead, single weld,
square butt Joints. T-joints welded with two superimposed beads appear to
be tie most reliable.

16. Reinforced T-joints are unsatisfactory, as proven by the tests,
as they depend on 1/8" fillet welds, which are unsatisfactory for strength.

17. The cost of producing square butt joints is about the same as
that of the T-joints, as the time required for aligning the square butt
joints and adlyinE the chill plate is roughly equivalent to the time re-
quired to form the legs of the T, clamp and tack weld the edges of the T.

18. The single bead, single weld joint requires but one-half the
welding time of any of the other joints mentioned, and it is capable of de-
veloping the full strength of the base metal. However, it gives the least
stiffness to a structure and should not be rolled on for strength unless
proven by hydrostatic test. The T-joints are capable of stiffening a
ztractire with the addition of the least amount of material, and develop
the Pull strength of the base metal. The double bead T-joint is the most
reliable as far as strength and tightness are concerned, without any sacri-
fice to increased labor and material costs.

CONCLUSIONS

19. Welded ,none. metal joints - both square butt and T-Jotnts -

appear to be suitablo for the construction offeod-water tanks.

20. The depo.niter metal of the welds seems to have the same cor-
* rosion resistance as the base monel metal.

21. The depotited metal has practically the same chemical analysis
as the base monel metal.

page 8.
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